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Abstract
I estimate time varying aggregate capital stock depreciation rates for the post-war U.S. economy
using capital-investment evolution equation along with the data on  annual net capital stock and
corresponding quarterly gross investment series.  I estimate depreciation rates of consumer durable
goods, producer durable goods, and nonresidential business structures.  The estimation results
suggest that the three depreciation rate series have been behaving very differently over time.  In
particular, I find that over time the implied depreciation rate of nonresidential business structures
has remained stable, the implied depreciation rate of consumer durable goods has been steadily
declining, while the implied depreciation rate of producer durable goods has been increasing,
especially during the last 10–15 years.  These findings are interpreted in terms of the changes in the
composition of the aggregate nonresidential busi ess fixed and producer durable good capital
stocks.  In addition, I discuss the implications of the changes introduced during the 1980s in rules
and regulations governing a depreciation accounting for tax purposes, and their effect on the
estimates of capital depreciation rates derived in this paper.  The main argument the paper makes is
that technological progress may be leading to accelerated depreciation of producer durable g ods
and equipment since newer and more advanced technology makes older equipment obsolete.  The
empirical evidence reported in this paper supports this argument.
11. Introduction
Since physical capital depreciates during the process of production, a part of new investment
is always used to replace the worn out capital.  However, it is difficult to estimate the amount of
new investment needed to replace the worn out capital in aggregate.  This is because the process of
capital depreciation is not directly observable or measurable.  Therefore, it must be approximated
based on some arbitrary assumptions on the life-length of various physical assets and on the way
the services they provide are spread over this life.  Having an accurate measure of depreciation is
important since for a given gross investment, the size of net investment depends on depreciation.
In addition, since replacement investment and capital depreciation tend to move together [Eisner
(1972)], understanding capital depreciation may shed some light on the process of replacement
investment.  This is important since replacement investment accounts for about half of the gross
investment.  In addition, gross investment itself is important factor affecting the aggregate demand
and therefore stabilization [Feldstein and Foot (1971)].  
The standard theoretical as well as empirical macroeconomic literature usually treats the
aggregate depreciation rate of capital as an exogenous constant.  However, as Eisner (1972),
Feldstein and Foot (1971), and Feldstein and Rothschild (1974) suggest, most of the actual fixed
capital replacement made in practice is based on dynamically optimizing economic choice.  This is
because, “Plant and equipment neither evaporate by radioactive decay nor fall apart like the
legendary ‘one hoss shay’; rather they are scrapped and replaced when the balance of economic
forces makes that decision most profitable” [Feldstein and Foot (1971), p. 50].1  In addition,
service lives of various capital stock depend on business conditions and production technology
which obviously change over time.2  These considerations suggest that the depreciation rate will in
general be endogenous and potentially time varying.3
In this paper I estimate annual aggregate capital stock depreciation rates for the post-war U.S.
economy for all three main categories of the aggregate capital stock: consumer durable goods,
producers durable goods and equipment, and business structures.4  I estimate these depreciation
rates using the standard dynamic capital-investment evolution equation along with data on the
annual net capital stock and corresponding quarterly gross investment series.  I adopt this method
since it is based on a well-accepted accounting relationship between investment and capital stock,
and also because it allows the depreciation rate to vary with time.  An additional advantage of the
2method is its simplicity.
The annual aggregate capital stock series used in this paper were recently revised by the
Bureau of Economic Analysis following a recent comprehensive revision of the National Income
and Product Accounts.  These revisions include (1) the introduction of a new procedure for
estimating construction series, (2) the change in the base period from 1982 to 1987, and (3) the
inclusion of interest payments made by utility companies on own-account construction projects.  In
addition, the revised capital stock series are based on new service lives of various physical assets.
As Musgrave (1992, p. 106) suggests, the resulting changes in the annual capital stock series are
quite significant, especially after 1970.
The estimation results suggest that the three depreciation rate series have been behaving very
differently over time.  In particular, I find that over time the implied depreciation rate of
nonresidential business structures has remained stable, the implied depreciation rate of consumer
durable goods has been steadily declining, while the implied depreciation rate of producer durable
goods has been increasing, especially during the last 10–15 years.  These findings are interpreted
in terms of the changes in the composition of the aggregate nonresidential business fixed and
producer durable good capital stocks.
The main argument I make is that the technological advances made recently in the fields of
computers and computerized equipment make these products obsolete in relatively short time,
resulting in accelerated depreciation.  In addition, the composition of the aggregate investment has
been changing in such a way that the share of information processing and related equipment, which
has relatively short service life, has been increasing.  At the same time, the share of industrial
equipment, industrial machinery, and transportation equipment, which have longer service life, has
been decreasing.  These two developments can explain the increasing depreciation rate of producer
durable goods I find in this paper.
In addition, I discuss the implications of the changes introduced during the 1980s in rules
and regulations governing the depreciation accounting for tax purposes, and their effect on the
estimates of capital depreciation rates derived in this paper.  In particular, I argue that the Reagan
administration’s 1981 Accelerated Cost Recovery System and the 1986 Modified Accelerated
Cost Recovery System acts had a significant impact on the effective depreciation rates of producer
durable goods.  Recall that these acts were introduced to encourage capital investment by
increasing the rate at which most fixed assets could be depreciated.  This increased the present
3value of tax shield from depreciation, leading to accelerated depreciation, as predicted by Feldstein
and Rothschild’ (1974) theoretical analysis.
The paper is organized as follows.  In the next section I describe the methodology and the
data set used in the paper.  In section 3, I report the estimated time varying capital stock
depreciation rates.  In section 4, I interpret the estimation results by discussing the implications of
technological innovations and various tax laws introduced during the 80s for the implied rates of
depreciation of various types of fixed capital.  In addition, the findings are interpreted in light of
the changes in the composition of the aggregate investment that took place during the last two
decades.  The paper ends with a brief summary of the findings and some concluding remarks.
2. The Methodology and the Data
The Bureau of Economic Analysis defines depreciation as the value of past investment lost
through physical deterioration, obsolescence, accidents, and aging (Bureau of Economic Analysis,
1993).5  There are two main methods for estimating capital stock depreciation rates.  One method
is based on prices of used assets.  Since the value of an asset depends on its future expected
earnings, under rational expectations the value of partially worn-out capital is given by the present
value of its initial cost minus the present value of its return up to this point.  This corresponds to
the expectations that induced the investors in the past to make this investment.  Since the initial cost
is incurred at the beginning when the actual investment takes place, but the returns are realized over
time, the implicit interest on cost exceeds the implicit interest on return.  Over its life, however, the
accumulated interest on its return catches up upon the accumulated interest on its cost, so that at the
end of asset’s life it is fully paid off and its price is zero (plus its scrap value) [Wicksell (1934) and
Robinson (1953)].  The method of estimating depreciation rates by examining the market prices of
various vintages of used capital goods is essentially based on this idea.  See Hulten and Wykoff
(1981a, 1981b) for a survey of recent results.
The second method of estimating a capital stock depreciation rate tries to exploit the
relationship between replacement investment and existing capital stock to measure the implied
depreciation rate.  See for example Feldstein and Foot (1971) or Eisner (1972).  The difficulty with
this approach is the fact that replacement investment is not directly observed and therefore is
difficult to measure.  Therefore, studies that use this approach rely primarily on replacement
4investment series constructed using various business survey results, which might not be reliable.
In this paper I estimate the annual time varying depreciation rate of capital stock using the
standard dynamic capital-investment evolution equation.  Let   K i:  denote a quarterly net capital
stock for year:quarter i:j and let  K i denote the end of year i net capital stock.  Also denote
investment of year:quarter i:j by   Ii: , and the quarterly depreciation rate of year i by di, which by
assumption remains unchanged within the period of a year.  Then, 
   K i:1=(1– di) K i –1 +Ii:1, (1)
   K i:2=(1– di)K i:1+Ii:2, (2)
   K i:3=(1– di)K i:2+Ii:3, and (3)
   K i:4=(1– di)K i:3+Ii:4, (4)
where i = 1947, 48, . . . , 90.  A recursive substitution of (1), (2), and (3) into (4), and using the
fact that  K i:4=K i, yields
   K i =(1–di)
4 K i –1 +(1– di)
3 Ii:1+(1– di)
2 Ii :2+(1– di) Ii:3+ Ii:4
1
(5)
Equation (5) expresses the quarterly depreciation rate of year i, di, as a nonlinear function of the
last year’s and this year’s annual capital stock and this year’s quarterly investment.  The set of
equations in (5) is solved for di using Newton’s iteration formula
   
xn+1=xn–
fxn
f¢xn
(6)
which provides an iterative solution to a nonlinear function of the form  f(x) =0, where n is the
number of iterations.  For most years a convergence was achieved within 3–4 iterations, although
for some years we needed as many as 6 iterations.6
The data series used in this work consists of the annual real net capital stock series of the
consumer durable goods, producer durable goods, and nonresidential business structures along
with their corresponding quarterly investment series covering the period 1947:1–1990:4.  Detailed
5annual capital stock data are constructed by the Bureau of Economic Analysis and the source of the
series I use is Musgrave (1992), Tables 8 and 20.7  The source of the investment data is Citicorp
(1992), series GCD87, GIPD87, and GIS87.  The shares of various components withing the stock
of producer durable goods and equipment plotted on Figure 3 are from Bureau of Economic
Analysis (1993).  All the original capital stock series used in this paper are computed using
constant-cost valuation.  All figures are in 1987 dollars.
3. Estimation Results
In Table 1, I present quarterly and annually compounded depreciation rates for consumer
durable goods, producer durable goods and equipment, and business structure capital stock series
computed using the above numerical iteration procedure.  The compounded annual depreciation
rates are also displayed on Figure 1.  Average depreciation rates for various subperiods are
summarized in Table 2.  As the results indicate, the three depreciation rate series have been
behaving very differently over time.
According to Figure 1, there has been no significant change in the depreciation rate of
nonresidential business structures since mid-1950s.  Although the depreciation rate seems to have
increased slightly during the last two decades, quantitatively this increase is not significant.
According to Table 1, the depreciation rate has fluctuated around 5 percent.
The stability of the depreciation rate of nonresidential business structures can be seen in Table
2 also where we have computed the average annual depreciation rate for the entire period as well as
for the following four subperiods:  1948–72 and 1973–91, i.e., the periods before and after the
1973 oil price shock, and 1981–91 and 1986–91 subperiods.  The last two subperiods are chosen
to examine the effect of the Accelerated Cost Recovery System Tax Act of 1981 and the Modified
Accelerated Cost Recovery System Tax Act of 1986.8  As these figures suggest, the average
annual depreciation rate of nonresidential business structures has increased from 5.11 percent
during the 1948–72 period to 5.24 percent during the 1973–91 period.  Similar findings in terms
of depreciation rates’ stability is reported also by Hulten and Wykoff (1981a) who estimate annual
depreciation rates of a sample of office buildings by using used physical asset prices and report
reasonable stability of their estimates.9 
According to Figure 1, the depreciation rate of consumer durable goods has been declining
almost monotonically since early 1960s.  The expenditure on most of the consumer durable goods
6is not tax deductible, and therefore it is likely that the estimated depreciation figures reported here
reflect the pattern of the “true” depreciation implied by replacement investment in consumer durable
goods.  If this conjecture is correct, then the downward movement in the annual depreciation rate
suggests that the actual average life (i.e., durability) of the consumer durable goods has increased,
perhaps reflecting improvement in the quality of consumer durable goods.  According to Table 2,
the average annual depreciation rate of consumer durable goods has declined by more than three
percentage points from 25.48 percent during the 1948–72 period to 22.11 percent during the
1973–91 period.  According to the table, the average depreciation rate has declined further to about
21.5 percent during the last decade.  This is a significant decrease.
The time series of producer durable goods depreciation rate also displays sharp changes
during the last two decades.  But in contrast with the depreciation rate of consumer durable goods,
here we find that the annual depreciation rate, with the exception of a slight decline during the
decade of 1960s, has been almost steadily increasing, especially since mid-1970s.  As the figure
indicates, the annual depreciation rate of producer durable goods has changed very little during the
1948–1972 period.
Not surprisingly, the first noticeable increase in the annual depreciation rate of producer
durable goods occurs in 1974, immediately after the first oil price shock.  The second change in the
slope of the producer durable goods depreciation rate occurs around 1980–81, which coincides
with the second oil price shock as well as the Reagan administration’s Accelerated Cost Recovery
System Tax Act of 1981.  According to Table 2, the average annual depreciation rate of producer
durable goods has increased by more than one and a half percentage points from 12.19 percent
during the 1948–72 period to 13.72 percent during the 1973–91 period.  According to the table,
the average depreciation rate has increased further to over 15 percent during the 1986–91 period.
This acceleration in the depreciation rate of producers durable goods and equipment coincides with
the Modified Accelerated Cost Recovery System Tax Act which was enacted during Reagan
administration in 1986.
At first look, the findings reported by Shriver (1986) seem to contradict the above results.
However, a closer comparison of his findings with mine indicates that the two sets of the results
do not really contradict each other.  Shriver (1986) examines the stability assumption underlying
the existing econometric derivations of empirical estimates of economic depreciation for industrial
7machinery and equipment.  For this he uses pricing data compiled by experts of used asset dealers
and appraisers for the years 1973, 1976, and 1980.  Using the methodology of Hulten and Wykoff
(1981a), Shriver (1986) finds that economic depreciation rates of producer durable goods are
reasonably stable over time.  My numerical estimates of the depreciation rates of producer durable
goods for the years 1973, 1976, and 1980 are 12.25, 12.59, and 12.81 percent, respectively (See
Table 1).  Thus, my results also show that during these years the depreciation rate of producer
durable goods remained stable.  However, this conclusion can not be generalized to the entire post-
war period.  As discussed above and as the figures in Table 1 indicate, the depreciation rate of
producer durable goods has been actually increasing, especially during the last 10–15 years.10
Gordon and Veitch (1986) also estimate aggregate capital stock depreciation rates using the
iterative procedure used here.  However, the findings they report are not identical to mine.
According to their estimates, which cover the period 1919–1983, the average depreciation rate of
consumer durable goods, producer durable goods, and nonresidential business structures for the
1947–83 period are 0.20, 0.14, and 0.06, respectively.11  Thus, comparing these figures to my
findings summarized in Table 2, it is clear that Gordon and Veitch’s (1986) estimated depreciation
rate of consumer durable goods is significantly lower than mine.  On the other hand, their estimated
depreciation rate of producer durable goods and business structure is slightly higher than mine.  The
main reason for these differences is the difference in the data set used.  I use recently revised capital
stock series which significantly differ from the older series Gordon and Veitch (1986) use.  The
revision of the capital stock series was done in conjunction with the recent comprehensive revision
of the National Income and Product Accounts (NIPA).  In addition to the inclusion of these NIPA
revisions, the revised capital stock data as well as the revised NIPA estimates of consumption of
fixed capital, reflect a revision in the service lives of several types of assets.  It turns out that the
resulting changes in the annual capital stock series are quite significant, especially after 1970.12
4. Interpretation of the Findings
In this section I try to interpret the findings reported in section 3 by considering the factors
that could lead to the patterns of capital depreciation displayed in Figure 1.  I consider two possible
explanations.  The first explanation is based on changes that took place in composition of the
aggregate private nonresidential fixed capital as well as in composition of producer durable goods
investment, especially during the last two decades.  It is argued that the main driving force behind
8these changes is the technological progress of the last 15–20 years.  The second explanation is
based on economic factors that could lead businesses to change the optimal replacement time in
response to changes in capital depreciation rules for tax purposes.
4.1. Composition of the Aggregate Investment
To interpret the estimated depreciation rates reported above, recall that these estimates are
based on the annual net capital stock data which are constructed by the Bureau of Economic
Analysis using a straight line depreciation formula, that assumes equal dollar depreciation over the
life of the asset.13  For this, each type of investment is divided into categories, each category with
specific service life.  For example, each type of investment in business structure is divided into 23
categories with service lives ranging from 45 percent to 155 percent of the category mean.14  This
way, each investment category is depreciated following the straight line formula (where annual
depreciation for a fixed asset is equal to its gross value divided by its service life) and then the
series in each category are aggregated to construct the aggregate figures.15
The implication of this procedure is that the changes in the aggregate depreciation rates
estimated here must be driven by changes in the composition of the aggregate investment.16  To
see this, consider first the composition of the gross private nonresidential fixed capital stock.
According to Figure 2, the share of producer durable goods in the gross private nonresidential
fixed capital stock has increased from about 36 percent to about 48 percent.
Next, I compute the share of all four categories in the total gross capital stock of producer
durable goods during the 1948–1989 period.  These categories include (1) industrial equipment,
(2) industrial machinery and other equipment, (3) transportation and related equipment, and (4)
information processing and related equipment.  All the original capital stock series used in this
paper are computed using constant-cost valuation (in 1987 dollars) and their source is Bureau of
Economic Analysis (1993).  Figure 3 displays the share of each of the four types of capital stock in
the total stock of aggregate producer durable goods.  As the figure indicates, the share of the four
components has been behaving very differently.
With the exception of approximately two percent decline during the end of 1940s, the share
of industrial equipment in total capital stock of producer durable goods has almost steadily
increased from 38 percent in 1925 to about 45 percent in early 1960s.  However, since 1962, it has
9been continuously declining to about 35 percent in 1989.
The share of industrial machinery and other equipment fluctuated between 18–20 percent
until the beginning of the 2nd World War.  Then it increased steadily until late 1940s and early
1950s, reaching the peak of 26 percent.  Since then the share of industrial machinery and other
equipment in total stock of producer durable goods has been declining with the exception of the
1970–78, where it remained steady around 25 percent.  Since 1978 it has been declining
monotonically dropping to about 18 percent in 1989.
The share of transportation and related equipment in the total stock of producer durable goods
indicates the sharpest decline in comparison to the other two components discussed above.  As the
figure suggests, the share has been declining almost steadily from about 42 percent in 1925 to 20
percent in 1989.  The share was steady around 24 percent in 1960s.
The share of information processing and related equipment stock in producer durable goods
has been increasing monotonically since the beginning of the sample period from less than two
percent in 1925, to about 25 percent in 1989.  Close examination of the plot reveals that this
increase in the share of information processing and related equipment stock in producer durable
goods has accelerated twice: once in early 1940s in the middle of the 2nd World War, and second
time, in the early 1980s.
In sum, the data displayed in Figures 2 and 3 indicate that the composition of the private
nonresidential fixed capital stock and of producer durable good capital stock has changed
significantly.  According to these data, the increased share of producer durable goods and
equipment in the capital stock reflects the growth in the productivity of producer durable goods and
equipment relative to business structures.  In addition, I find that within the group of producer
durable goods, the share of information processing and related equipment has been steadily
increasing while the share of industrial and transportation equipment has been decreasing.
In Table 3, I report the average service lives of the capital stock of producer durable goods,
nonresidential business structures, and total capital stock.  In the table, total capital stock is defined
as the sum of producer durable goods and nonresidential business structures.17  According to the
table, the average service life of capital stock has been continuously declining from about 30 years
in 1950, to an average of 25 years in 1985.  If we examine each of the two categories in total
capital stock, we find that the average service life of producer durable goods and equipment has
declined by more than 10 percent.  The variation in the average service life of nonresidential
10
business structures is not as dramatic, declining by 3.7 percent during the 1950–85 period.
Information processing and related equipment, which basically covers computers and various
types of computerized equipment, is assigned the shortest average service life by the Bureau of
Economic Analysis in comparison to other components (or subcomponents) of the stock of
producer durable goods.18  An increase in the share of shorter-lived assets in the total stock of
producer durable goods will therefore yield higher implied annual depreciation rate, which is what
we find here.19  At the same time, this process should also result in a decrease of the average
service life of producer durable goods.  Indeed, as Oliner (1989) shows and as Table 3 indicates,
the average service life of the gross stock of producer durable goods fell from about 30 years in
1948 to 25 years in 1989.  Thus, the increased investment in information processing and
computerized equipment, which have shorter lives than traditional industrial equipment, and the
increase in the share of producer durable goods in the total stock of nonresidential business fixed
capital at the expense of nonresidential business structures, led to the increased implied
depreciation rates.
  
4.2 Capital Depreciation Rules for Tax Purposes and Optimal Replacement of Capital
The fixed capital depreciation rules for tax purposes are another key factor determining capital
stock depreciation rates.  In 1981 Reagan administration introduced the Accelerated Cost
Recovery System (henceforth ACRS), which was modified in 1986 Tax Reform Act as the
Modified Accelerated Cost Recovery System (henceforth MACRS).  These laws were introduced
to encourage capital investment by increasing the rate at which most fixed assets could be
depreciated and therefore increase the present value of tax shield from depreciation.
Until the introduction of the ACRS, the fundamental principle used in depreciation calculations
was that for tax purposes an asset should be depreciated over its useful life.  With the introduction of
ACRS the notion of “useful life” was dropped altogether, and instead the notion of “recovery period”
was introduced.  According to this principle, a fixed asset is categorized into a recovery period and is
depreciated over this time period regardless of its true “useful life.”  The system includes four
recovery periods:  3 years (for cars, light trucks, and computers), 5 years (for office furniture and
fixtures, and manufacturing machinery and equipment), 10 years (for coal burning equipment,
mobile homes, and railroad tank cars), and 18 years (for buildings and structures).20
This accelerated depreciation mechanism could have an important impact on the effective
11
depreciation rate of producer durable goods and equipment as the acceleration of the depreciation rate
makes the present value of the tax shield higher.  This is especially significant for the last decade,
since during the last 10–15 years large part of the purchases in this category consist of computers and
computerized equipment which become obsolete in relatively short period of time as new technologies
and innovations are introduced in the computer industry at a very rapid rate.  The effect of MACRS
mechanism on the depreciation rate of the producer durable goods is clearly visible in Figure 1, which
indicates a sharp change in the slope right in 1986.  The effect of the ACRS seems to coincide with
the effect of the second oil price shock.  This interpretation of the effect of ACRS and MACRS is
consistent with the findings reported by Feldstein and Rothschild (1974) that changes in tax laws
governing depreciation accounting (such as accelerated depreciation for tax purposes) may change the
optimal durability of equipment, which in turn influences the replacement investment.
5. Summary and Conclusions
In this paper I estimate a time varying annual depreciation rate of all three categories of the
aggregate capital stock: consumer durable goods, producer durable goods and equipment, and
nonresidential business structures, for the post-war U.S. economy.  For this I exploit the dynamic
relationship between capital stock and the corresponding capital investment series and use annual
beginning-of-the-year and end-of-the-year capital stock data to estimate the implied quarterly
depreciation rates by numerical iteration over the depreciation rates until a convergence is achieved.
The estimation results suggest that the three depreciation rate series have been behaving very
differently over time.  In particular, I find that over time the implied depreciation rate of
nonresidential business structures has remained stable, the implied depreciation rate of consumer
durable goods has been steadily declining, while the implied depreciation rate of producer durable
goods has been increasing, especially during the last 10–15 years.  These findings are interpreted
in terms of the changes in the composition of the aggregate nonresidential business fixed and
producer durable good capital stocks.  In addition, I discuss the implications of the changes
introduced during the 1980s in rules and regulations governing a depreciation accounting for tax
purposes, and their effect on the estimates of capital depreciation rates derived in this paper.
The main point this paper makes is that the technological progress of the last 15–20 years, made
primarily in the fields of computers and computerized equipment, seems to have caused the implied
12
depreciation rate to increase over this time period.  This is because the technological advancements
have made these equipment obsolete faster than they would be otherwise.  The observed changes in
the composition of the aggregate investment documented in Section 4.1 is consistent with the
accelerated implied depreciation rate of producer durable goods and equipment.  In particular, I find
that the share of various types of computers and computerized equipment has been steadily increasing
at the expense of more traditional equipment.  In addition, I find that the share of producer durable
goods itself has increased from about 35 percent in the late 1940s to almost 50 percent of the total
stock of nonresidential business fixed capital in the late 1980s.  Both of these trends lead to an
increase in the share of relatively more short-lived components in the aggregate capital stock leading
to higher depreciation rates.  The fact that during the last decade computers and computerized
equipment had become obsolete within 2–4 year period from the date of production because of the
fast technological innovations in computer industries, supports this view.  This in turn implies that
more and more firms are benefiting from faster replacement of older capital equipment since the
resulting productivity and efficiency gains apparently outweigh the adjustment cost involved in
acquiring and installing new capital equipment.  The introduction of ACRS and MACRS laws during
the 1980s obviously had additional impact on the implied depreciation rates.  The two oil price shocks
also seem to have had a noticeable effect on the implied capital stock depreciation rates.
These findings have implications for the behaviour of investment and its components.  The
finding of accelerated depreciation rate of producer durable goods during the 1970s and 1980s
suggest that, ceteris paribus, replacement investment in the 1980s has accelerated as a direct result
of the accelerated depreciation.  Since net investment depends on depreciation, the accelerated
depreciation of producer durable goods reported here may have also played a role in the decline of
net investment the U.S. economy has experienced during the 1980s.  Indeed, Pieper (1993)
considers various factors that may affect net investment, and concludes that the accelerated
depreciation of producer durable goods and equipment during the 1980s may account for as much
as one-quarter of the decline in net investment during that period.21
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Footnotes
1. See Holmes (1923).
2. An additional factor affecting the depreciation is capacity utilization which ideally would be
treated as endogenous.  See, for example, Motahar (1993) and Bils (1994).
3. Using a different line of argument, Feldstein and Rothschild (1974, p. 395) also conclude
that “... there is little reason to believe that the economy’s capital stock decays at a constant
exponential rate.”  Note that if depreciation is tied to replacement investment as Eisner (1972)
suggests, then this argument is even stronger.  This is because Eisner (1972) and Feldstein and
Rothschild (1974) show that the assumption of constant rate of replacement investment may not be
valid.  Instead, they argue, replacement investment is an economic decision made by optimizing
agents.  Therefore, replacement investment will respond to changes in variables such as tax laws,
technical progress, factor prices, and interest rate.  It follows that in a dynamic setup, replacement
investment rate, and consequently depreciation rate, will in general be time varying.
4. It should be mentioned that most countries do not count consumer durable goods as a part of
the aggregate capital stock.  The U.S. is a rare exception in this regard.
5. Feldstein and Rothschild (1974) distinguish between the various components of depreciation.
As Bailey (1962, p. 279) argues, “a true estimate of depreciation would be what it costs at current
prices to maintain total wealth intact.  In practice, however, what is usually estimated is what it
costs to maintain constant the money value of total wealth, using the original cost of the wealth
rather than its current replacement cost.”
6. Note that once the annual depreciation rates are determined, we can use the equations (1)–(4)
to estimate quarterly capital stock series.  Using this procedure as well as three other alternative
procedures, I have constructed nominal and real quarterly aggregate (gross and net) capital stock
series of all three categories in the aggregate capital stock.  The constructed quarterly capital stock
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series are reported in Levy and Chen (1994) and they are available upon request from the author.
7. The capital stock series used here differs from the less known capital “input” series
constructed by the Bureau of Labor Statistics since 1983.  The capital input series, which is
especially designed for productivity analysis, is constructed as a weighted aggregate of various
types of capital stock and measures the remaining productive services available in the capital stock.
Different types of capital provide different level of capital service flow.  The weights used in the
construction of the capital input series are designed to capture these differences.  Since these
weights do not reflect utilization rate changes, the capital input series do not provide a good
measure of the service flow.  The capital stock series used here is constructed by the Bureau of
Economic Analysis and is primarily designed to measure national wealth.  Consequently, these
series reflect the cost of purchasing physical capital.  See Oliner (1989), Hulten (1990), and
Triplett (1992) for a detailed comparison of these two capital stock series and the methods used in
constructing them.
8. The Accelerated Cost Recovery System Tax Act of 1981 and the Modified Accelerated Cost
Recovery System Tax Act of 1986 are described and further discussed below.
9. Some authors question the constancy of measured depreciation rates over time when the
depreciation rate is estimated using used physical asset prices.  They argue that used asset prices
respond to changes in variables like taxes, interest rates, and capital asset market conditions.
Therefore, a change in the price of an used physical asset does not necessarily indicate an economic
depreciation.  See, for example, Taubman and Rasche (1971) and Feldstein and Rothschild
(1974).  Another weakness of this approach is a sample selection problem as discussed by Hulten
and Wykoff (1981b).
10. As discussed in section 4, the acceleration in the depreciation rate during the last 10–15 years
is a result of two main developments.  The first development is the change in the composition of
the aggregate investment towards higher share of producer durable goods at the expense of
nonresidential business structures.  This shift has been driven by faster growth in the productivity
of producer durable goods relative to business structures.  In particular, the advancements in
15
computer technology has significantly improved the cost-benefit balance of producer durable goods
in comparison to business structures.  In addition, there was a shift in the composition of producer
durable goods towards towards short-lived assets like computers, computerized equipment,
information processing equipment, etc.  The second development is the change in tax rules that
govern capital depreciation for accounting purposes.  These changes took place in 1981 and 1986,
after the years covered in Shriver’s (1986) study.  See further discussion below.
11. Since they only report averages for some subperiods, a comparison of their estimates with
mine year by year basis is not possible.
12. See Musgrave (1992) for a detailed description of these revisions of the national income and
product account data.
13. Hudson and Mathews (1963) show that the straight line depreciation formula is theoretically
valid only when the expected net services delivered by an asset decline at a particular rate.  To see
this, suppose that the price of the product produced by capital is expected to remain constant during
its lifetime.  Then, since the annual return (“profit component”) on the capital must decline from
year to year, the depreciation component will increase unless the net return (“net services”) declines
at just the rate which will keep the depreciation component constant [Harcourt (1972)].  For
justification of the straight-line formula see the discussion in Young and Musgrave (1980).  More
accelerated depreciation mechanisms and formulas are discussed by Terborgh (1954) and
Jorgenson (1989).
14. The service lives are computed using Winfrey’s (1967) retirement curve by taking into
account the fact that different assets are retired at different age.
15. See Bureau of Economic Analysis (1993) for further details.
16. This is the reason for using the term “implied depreciation rate” throughout this paper.
17. The source of these figures is Oliner (1989).  Average service lives of consumer durable
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goods are not shown.
18. This is compatible with the estimated depreciation rate of office and computing machinery
reported by Hulten and Wykoff (1981).  According to their finding, that rate is 0.273.  They report
depreciation rate of many fixed asset categories, and the depreciation rate of office and computing
machinery is the second highest, the first being automobiles.  Since the publication of their study
the pace of technological innovation in the field of office and computing machinery has
significantly increased making computer equipment purchased as recently as couple of years ago,
obsolete.  Therefore, it is safe to conjecture that the depreciation rate of computer equipment during
the last decade is even higher than Hulten and Wykoff’s (1981) estimate.
19. Note that within the category of information processing and related equipment, the average
service life of office, computing, and accounting machinery is 7 years.  See Bureau of Economic
Analysis (1993, Table B, p. M-17) for a detailed listing of the average service lives by type of
asset used by the U.S. Department of Commerce to derive its annual capital stock estimates.
20. The ACRS accelerated depreciation rates for these recovery periods are as follows.  For the
3-year recovery period the depreciation rates for the first, second, and third year are 25%, 38%,
37% (S  = 100%), respectively.  Similarly, for the 5-year recovery period the depreciation rates
are 15%, 22%, 21%, 21%, 21% (S  = 100%).  For the 10-year recovery period the depreciation
rates are 8%, 14%, 12%, 10%, 10%, 10%, 9%, 9%, 9%, 9% (S  = 100 ).  Finally for the 18-
year recovery period the depreciation rates are 4%, 8%, 7%, 7%, 6%, 6%, 6%, 6%, 5%, 5%,
5%, 5%, 5%, 5%, 5%, 5%, 5%, 5% (S  = 100%).  Notice that the depreciation rate for the first
year of each period is lower than for the second year.  This was one of the modifications
introduced in 1986:  since a firm will own the asset only for part of the first year (unless it was
purchased on January 1), the MACRS introduced the “half-year” convention which treats all fixed
capital assets as if they were purchased in the middle of the year.
21. Other factors Pieper (1993) considers include output growth and capital-output ratio.
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Table 1
          Exponentially Compounded Annual Capital Stock Depreciation Rates, U.S., 1948–91
Years Consumer Durable Producer Durable Nonresidential Business
Goods Goods Structures
1948 0.2725 0.1168 0.0589
1949 0.2716 0.1151 0.0576
1950 0.2687 0.1168 0.0555
1951 0.2449 0.1172 0.0601
1952 0.2482 0.1168 0.0509
1953 0.2482 0.1198 0.0539
1954 0.2587 0.1225 0.0530
1955 0.2672 0.1251 0.0534
1956 0.2606 0.1238 0.0509
1957 0.2596 0.1246 0.0509
1958 0.2615 0.1268 0.0514
1959 0.2711 0.1268 0.0493
1960 0.2668 0.1259 0.0493
1961 0.2610 0.1259 0.0485
1962 0.2630 0.1251 0.0480
1963 0.2625 0.1251 0.0480
1964 0.2601 0.1238 0.0476
1965 0.2544 0.1229 0.0480
1966 0.2449 0.1238 0.0497
1967 0.2393 0.1220 0.0493
1968 0.2374 0.1207 0.0485
1969 0.2365 0.1185 0.0480
1970 0.2341 0.1194 0.0485
1971 0.2374 0.1194 0.0485
1972 0.2407 0.1233 0.0514
1973 0.2360 0.1225 0.0509
1974 0.2290 0.1198 0.0514
1975 0.2281 0.1229 0.0497
1976 0.2318 0.1259 0.0522
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Table 1. Cont.
Years Consumer Durable Producer Durable Nonresidential Business
Goods Goods Structures
1977 0.2318 0.1268 0.0526
1978 0.2257 0.1290 0.0522
1979 0.2201 0.1290 0.0534
1980 0.2188 0.1281 0.0522
1981 0.2178 0.1321 0.0530
1982 0.2192 0.1382 0.0543
1983 0.2215 0.1400 0.0539
1984 0.2188 0.1440 0.0530
1985 0.2178 0.1435 0.0509
1986 0.2164 0.1435 0.0522
1987 0.2123 0.1466 0.0526
1988 0.2113 0.1537 0.0530
1989 0.2113 0.1493 0.0530
1990 0.2146 0.1542 0.0518
1991 0.2192 0.1569 0.0526
Source: Author’s computations.
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Table 2
Exponentially Compounded Average Annual Capital Stock Depreciation Rates, U.S., 1948–91
Period Consumer Durable Producer Durable Nonresidential Business
Goods Goods Structures
1948–1991 0.2403 0.1285 0.0517
1948–1972 0.2548 0.1219 0.0511
1973–1991 0.2211 0.1372 0.0524
1981–1991 0.2164 0.1456 0.0527
1986–1991 0.2142 0.1507 0.0525
Source: Table 1 and Author’s computations.
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Table 3
Average Service Lives of the Aggregate Capital Stock, U.S., 1950–85
Period Total Capital Producer Durable Nonresidential Business
Stock Goods Structures
1950 29.56 98.00 99.92
1955 28.32 96.06 98.45
1960 27.96 96.15 97.60
1965 27.84 96.40 97.50
1970 27.30 95.03 98.80
1975 26.67 93.20 98.40
1980 25.79 91.00 97.60
1985 25.10 88.10 96.20
Notes on Table 3:
1. Average service lives of total capital stock are measured in years.  Total capital stock here is defined as the sum of 
producer durable goods and nonresidential business structures.
2. The figures for producer durable goods and nonresidential business structures are index numbers with 1948 = 100.
3. The figures in the first column are the weighted average of the Bureau of Economic Analysis’ estimate of service life for 
each type of producer durable good and nonresidential business structure.  The weight of each type equals its share in the 
gross private nonresidential fixed capital stock.
4. The figures in the second column are the weighted average of the Bureau of Economic Analysis’ estimate of service life 
for each type of producer durable good.  The weight of each type equals its share in the total stock of gross producer 
durable goods.  The figures in the third column are the weighted average of the Bureau of Economic Analysis’ estimate of
service life for each type of nonresidential business structure.  The weight of each type equals its share in the total stock 
of nonresidential business structures.
5. Source: Oliner (1989), Chart 4.
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Figure 1.Exponentially compounded time varying
depreciation rates of the aggregate capital
stock: consumer durable goods, producer
durable goods and equipment, and
nonresidential business structures, U.S.,
1948–91.
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Figure 2.The share of producer durable goods in the
gross private nonresidential fixed capital
stock, constant-cost valuation, 1987 $s,
U.S., 1948–89.
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Figure 3.The share of information processing and
related equipment, industrial equipment,
transportation and related equipment, and
industrial machinery and other equipment
in total gross capital stock of producer
durable goods, constant-cost valuation,
1987 $s, U.S., 1925–89.
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